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(54) Method for roughening semiconductor surface 



(57) In order to provide a method for easily rough- 
ening a surface of a semiconductor constituting an LED, 
a first material 18 and a second material 20 having a 
property that they are nonuniformly mixed when ther- 
mally treated are deposited on a semiconductor 16, the 
structure is thermally treated, and etching is performed 
through reactive ion etching in which the etching rate 



with respect to the first material 18 is slower than the 
etching rates with respect to the second material 20 and 
to the semiconductor 16. During this process, a region 
22 in which the first material 1 8 is the primary constituent 
functions as an etching mask, and a predetermined 
roughness can be easily formed on the surface of the 
semiconductor 16. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an improve- 
ment in a method for roughening a surface of a semi- 
conductor, in particular, a gallium nitride semiconductor. 

2. Description of the Related Art 

[0002] In a light emitting diode (LED), a PN junction 
14 formed from an N type layer 10 and a P type layer 
12 is used as the light emitting section, as shown in Fig. 
1 (a). The light emitted from the light emitting section is 
extracted for use in various applications. In such an 
LED, the surface of the element is usually formed flat. 
When the surface of the LED is flat, a large portion of 
the light emitted from the PN junction 14 is reflected at 
the surface of the LED, as shown in Fig. 1 (a), and is not 
emitted to the outside. Because of this, there had been 
a problem in that the light extraction efficiency cannot 
be increased. 

[0003] In order to solve this problem, it is effective to 
roughen the surface for extracting light of the semicon- 
ductor which constitutes the LED, as shown in Fig. 1 
(b) . When a surface of the semiconductor constituting 
the LED is roughened, reflection, at the light extraction 
surface of the semiconductor, of the light generated at 
the PN junction 1 4 back to the inside of LED when the 
light reaches the light extraction surface can be avoided, 
as shown in Fig. 1 (b). This facilitates extraction of light 
to the outside of the LED and the light extraction effi- 
ciency of the LED can be improved. 
[0004] Moreover, when the surface of the semicon- 
ductor constituting the LED is roughened, the surface 
area is significantly increased compared to a flat sur- 
face. This facilitates ohmic contact and thus, formation 
of an electrode. 

[0005] However, conventionally, there had been no 
method for easily roughening the surface of the semi- 
conductor constituting the LED. 

SUMMARY OF THE INVENTION 

[0006] The present invention was conceived to solve 
the above problem and one object of the present inven- 
tion is to provide a method for easily roughening a sur- 
face of a semiconductor constituting an LED. 
[0007] In order to achieve at least the object men- 
tioned above, according to the present invention, there 
is provided a method for roughening a surface of a sem- 
iconductor comprising the steps of depositing, on a sur- 
face of a semiconductor, a first material and a second 
material having a property that when thermally treated, 
the first and second materials are nonuniformly mixed; 
thermalry treating the semiconductor onto which the two 



materials are deposited; and etching the surface of the 
semiconductor onto which the two materials are depos- 
ited through an etching method in which the etching rate 
of the first material is slower than the etching rates of 
5 the second material and of the material for the semicon- 
ductor. 

[0008] According to another aspect of the present in- 
vention, it is preferable that in the method for roughening 
the surface of a semiconductor, the first and second ma- 

io terials are evaporated as layers onto the surface of the 
semiconductor through vacuum evaporation. 
[0009] According to another aspect of the present in- 
vention, it is preferable that in the method for roughening 
the surface of a semiconductor, the semiconductor is a 

15 gallium nitride semiconductor, the first material is Ni, the 
second material is Au, and the etching method is reac- 
tive ion etching. 

[0010] With the above structures, two materials de- 
posited on the semiconductor surface are nonuniformly 
20 mixed, and because the etching rate of the first material 
is slower than the etching rates of the second material 
and of the semiconductor, the first material functions as 
an etching mask so that unevenness can be created on 
the semiconductor surface. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

30 Figs. 1 (a) and 1 (b) are diagrams for explaining how 
the light is extracted from a light emitting diode in 
the prior art. 

Figs. 2 (a) - 2 (e) are diagrams for explaining the 
steps for a method for roughening a surface of a 
35 semiconductor according to the present invention. 
Fig. 3 (a) is a diagram showing the relationship be- 
tween the ratio of etching rates of GaN and Ni and 
plasma power. 

Fig. 3(b) is a diagram showing the relationship be- 
tween the surface roughness and plasma power. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0012] A preferred embodiment of the present inven- 
ts tion will now be described referring to the drawings. 
[0013] Figs. 2 (a) through 2 (e) show the steps for a 
method for roughening a surface of a semiconductor ac- 
cording to the present invention. As shown in Fig. 2 (a), 
a first material 18 and a second material 20 are depos- 
50 ited on a surface of a semiconductor 16 which consti- 
tutes an LED. The first material 18 and second material 
20 are materials that have a property such that when 
these materials are thermally treated, they melt into 
each other to form a nonuniform mixture state. For ex- 
55 ample, when nickel (Ni) is used as the first material 18 
and gold (Au) is used as the second material 20, the 
materials mix with each other when thermalry treated, 
but the mixing is nonuniform. Because of this, by ther- 
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mally treating the semiconductor 1 6 onto which the two 
materials 18 and 20 are deposited, a region 22 where 
the composition of Ni which is the first material 1 8 is 
large can be formed as spots in a region 24 where the 
composition of Au which is the second material 20 is 
large. 

[0014] In order to deposit the first material 1 8 and the 
second material 20 on the surface of the semiconductor 
16, for example, vacuum evaporation can be employed 
to deposit the first material 1 8 and the second materia! 
20 as layers on the surface of the semiconductor 1 6. 
However, the method for depositing the two materials 
18 and 20 is not limited to the above vacuum evapora- 
tion and any deposition method can be employed that 
allows the first material and the second material to non- 
uniform^ mix when the structure is thermally treated. 
[0015] Next, as shown in Fig. 2 (c), the surface of the 
semiconductor 16 onto which the first material 18 and 
the second material 20 are deposited is etched through 
an etching method in which the etching rate of the first 
material 18 is slower than the etching rates of the sec- 
ond material 20 and of the semiconductor 1 6. For ex- 
ample, when Ni is used as the first material 18, Au is 
used as the second material 20, and gallium nitride 
(GaN) is used as the material for the semiconductor 1 6 
as described above, reactive ion etching (RIE) can be 
employed as the etching method in order to selectively 
etch as above. 

[0016] Fig. 3 (a) shows the relationship between a ra- 
tio of the etching rates of GaN and Ni and the plasma 
power to be applied, when the structure is etched in an 
RIE device. Fig. 3 (b) shows the relationship between 
the roughness of the surface of the semiconductor 
(GaN) and the plasma power in such a case. As is clear 
from Figs. 3 (a) and 3 (b), when the applied plasma pow- 
er is small, GaN is selectively etched and Ni is not 
etched, and therefore, the surface roughness of GaN is 
high. Although not shown in the figures, the etching rate 
in RIE of Au which is the second material is larger than 
those of GaN and Ni. 

[0017] In this manner, when the above combination of 
materials are used and RIE is employed as the etching 
method, Ni which is the primary constituent of the region 
22 where the composition of the first material is large 
functions as an etching mask, and Au which is the pri- 
mary constituent of the region 24 where the composition 
of the second material is large and GaN which is the 
material for the semiconductor 16 are selectively 
etched, as shown in Fig. 2 (d). Therefore, if the etching 
process is performed for a predetermined period of time, 
a predetermined unevenness of the surface of GaN 
which is the material for the semiconductor 1 6 is formed, 
as shown in Fig. 2 (e). 

[0018] In the above discussion, Ni is used as the first 
material 18 and Au is used as the second material 20, 
but the materials are not limited to these. In other words, 
any combination of materials can be used as long as the 
etching rates for RIE differ significantly and the materials 
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can be nonuniformly mixed by thermal treatment. 
As described, according to the present invention, two 
materials that mix nonuniformly when thermally treated 
are deposited on a surface of a semiconductor, the 
5 structure is thermally treated, and then etching process 
is performed by a method which can selectively etch one 
of the materials and the semiconductor. Through this 
process, the surface of the semiconductor can easily be 
roughened. 

10 

Claims 

1. A method for roughening a surface of a semicon- 
f5 ductor comprising the steps of: 

depositing, on a surface of a semiconductor, a 
first material and a second material having a 
property that when thermally treated, the first 
and second materials are nonuniformly mixed; 
thermally treating the semiconductor onto 
which the two materials are deposited; and 
etching the surface of the semiconductor onto 
which the two materials are deposited through 
an etching method in which the etching rate of 
the first material is slower than the etching rates 
of the second material and of the material for 
the semiconductor. 

A method for roughening a surface of a semicon- 
ductor according to claim 1 , wherein the first and 
second materials are evaporated as layers onto the 
surface of the semiconductor through vacuum 
evaporation. 

A method for roughening a surface of a semicon- 
ductor according to claim 1 , wherein the semicon- 
ductor is a gallium nitride semiconductor, the first 
material is Ni, the second material is Au, and the 
etching method is reactive ion etching. 
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